Objectiae: To compare six commonly used formulae (Shepard, Campbell, Hadlock I, II, III, and IV) for estimation of fetal weight in Sri Lankan population.
Results: The highest positive correlation between the ABW and the EFW was seen in the Hadlock IV (r =0.836). According to the area under the curve for each ROC curve Hadlock IV equation has the highest (0.849).
For fetuses less than 2.5 kg Hadlock IV has the highest sensitivity (75%). All the equations have the high specificity which ranges from93.6"h to 100%.
In fetuses more than 3.5 kg the Shepard has the highest sensitivity (90%). The specificity is highest (97.4'/') in Hadlock IV. Even though the Hadlock IV is the best formula identified in our study to predict babies less than 2.5 kg out of whole population, it is not the best for prediction of a baby larger than 3.5 kg (Hadlock IV sensitivig a0%) compared to Hadlock I (sensitivity 80% and specificity 89.5%) which is the best formula to predict a baby more than 3.5 kg. The correct determination of the fetal weight prior to delivery accurately is utmostly important and greatly influences the clinical management, the outcome of pregnancy, delivery and survival of''the newborn especially in cases such as fetal macrosomia, fetal growth restriction, breech presentation or in a trial of vaginal birth after previous caesarean section. Fetal weight estimation has a significant bearing on management decisions in labor, thereby markedly improving perinatal outcomel.
There are various techniques for fetal weight estimation. The two main methods for predicting birth weight are clinical and sonographic estimations2. Although the clinical estimation, based on abdominal palpation and fundal height, is easy, inexpensive and more helpful in developing countries, it is subjective and has no standard technique2.
Several formulae have been developed for estimating fetal weight in the late second and the third trimester. These formulae involve a variety of sonographically obtained biometric measurements. The sonographic estimation which is based on measurement of various fetal dimensions particularly BPD, HC, AC and FL is superior to clinical estimation but still needs instruments and well trained physicians3.
Low as well as excessive fetal weight is associated with increased risk of complications during pregnancy, labor and neonatal lifea-8. Therefore detection of poor fetal growth as well as fetal macrosomia is of utmost importance in obstetrics.
An accurate means of estimating fetal weight using ultrasonography was first described by Campbell and Wilkin rn 197510. The advantage of this technique is that it relies on linear and,/or planar measurements of in utero fetal dimensions that are definable objectively and are reproduciblell. Sonagraphic measurement of the fetal parts provides a direct way of assessing fetal size and unlike clinical methods; the presence of oligohydraminos, polyhydramnios,, or maternal obesityl3 has minimal effect on its accuracy.
Numerous formulae have been published for the purpose of estimating fetal weight from one or more of the following fetal body measurements, BPD, HC, AC and FLr0,1a. Most commonly, a combination is used. The most popular formulae are Shepard, Warsof'sls with Shepard's modificationl6 and Hadlock/s17,18. These formulae are included in most ultrasound equipment packages.
Eventhough sonographic machines offer various different formulae for estimation of fetal weight, up to date there is no study which recommends the best formula for Sri Lankan women. This study is conducted to deterrnine the applicability of these various formulae, developed in the west, in estimating fetal weight in Sri Lankan population. According to the results the most suitable formula/formulae can be determined or if results are not significantly different any formula can be used without preference
Objectives
The objective of the study was to compare the accuracy of the Shepard, Campbell, Hadlock I, II, III, and IV formulae in predicting the fetal birth weight and to determine the sensitivity, specificity of Shepard, Campbell, Hadlock I, II, III, and IV equations in predicting the fetal birth weight <2.5 kg and >3.5 kg weight categories.
Materials and methods
A descriptive cross-sectional study conducted at Ward 9, Sri Jayewardenepura general hospital, Kotte, Sri Lanka. The duration of the study period was three months, from October 2007 to December 2007. The study comprised of 86 pregnant women who delivered during the period of study at ward 9 above 28 weeks of period of gestation (POG). POG was calculated from last regular menskual period (LRMP) and confirmed by early dating scan. The unit antenatal clinic protocol includes a mandatory dating scan. The participants Vol. 31, No, 1, 2009 of the study were explained in detail regarding the nature of the study and its benefits and only those who agreed to participate in the study were included.
Singleton pregnancy at or more than 28 weeks and those who delivered within 48 hours of the USS examination by elective caesarian section or by induction of labor were included on the study. Fetuses with congenital anomalies, the biometric measurements of those, which were unable to ascertain due to reasons like deeply engaged head, very thick abdominal wall etc. and Mothers who had not given the consent for the USS after adequate counseling were excluded from the study.
The fetal biometric measurements were taken previous day by principle investigator, of planned delivery and collected in a data sheet. The ultrasonographic measurements of BPD, HC, AC and FL were obtained using real-time, B mode equipped with 3.5 MHz abdominal probe of Agilent ultrasound system. The actual birth weights were also entered into the data sheet after the deliverv of the fetus.
The participants were explained about the procedure and were asked to evacuate the urinary bladder before the scanning. A female attendant was also present during the examination. The principle investigater performed all the ultrasonographic measurements. The BPD, HC, AC and FL were measured in centimeters (cm) and the fetal weight in kilograms. BPD was measured as the largest diameter between the outer and inner tables of the fetal skull at right angle to the falx at a plane slightly above and parallel to the canthomeatal line that includes the falx, thalamus, septum pellucidum and an oval head shape32.
The HC is the length of the outer perimeter of the cranium, made on the same transaxial image of the fetal head. It was measured by using an electronic ellipse available on the ultrasound scanner. AC measurement was obtained in the transverse plane perpendicular to the long axis of the fetal aorta or spine at the Porto-umbilical vein complex within the liveC3. FL was measured as the linear distance between the greater trochanter of the femur to the distal metaphysis3a.
Esiimated fetal weight from each equation was calculated separately using basic biometric values for estimation of fetal weight. Table 1 
Actual birth weights of all the fetuses were taken separately. Birth weight measurements were taken using a properly calibrated digital weighing machine. The birth weights were measured by trained nursing officers. It is known that delays of more than 7 days between the USS examination and birth might elevate error rates falsely, because each fetus has a variable rate of continued growth after USS examination until birth3s. Thus, the method optimized the accuracy of ultrasound EFW by avoiding the confounder of continued fetal growth after USS examination.
Permission was taken from the ethical committee of Sri Jayewardenepura General Hospital. lnformed consent was obtained from each pregnant woman before subjecting her in the study after adequate counseling.
The collected data were coded and entered into a computer. The statistical package for social sciences (SPSS) -16, software was used for the analysis of data. The relationship of actual birth weight with that of the ultrasonographic estimation of fetal birth weight using Shepard, Campbell, Hadlock I, II, III, and IV equations were seParately determined. Statistical analysis was done using Karl Pierson correlation between actual birth weight and estimated birth weight by each formula, using ROC curve for each formula and assessing sensitivity, specificity for prediction of babies less than 2.5 kg and more than 3.5 kg for each formula separately.
Results
The study population consists of 86 pregnant women whose fetuses were evaluated ultrasonically to obtain fetal biometric measurements. Tables 2 and  3 describes the distribution of the study sample according to age categories and parity respectively. In the study population most of the participants (36.04'/') were in their first pregnancy and 25.58% and 20.93"/' of them were in 2nd and 3rd pregnancy respectively" Only few participants (5.81%) were grand multiparous.
The actual birth weight ranged from 1.90kg to 4.090kg with a mean of 3.10 kg and standard deviation of 0.442kg. Table 4 describes the distribution of actual birth weights according the major birth weight categories. The scatter plot between actual birth weight and estimated birth weight by Campbell equation shows positive correlation while r value indicates that it is of a marked degree of correlation (t2 = 0.620). The scatter plot between actual birth weight and estimated birth weight by Hadlock II shows positive correlation while r value indicates that it is of high correlation (r2 = 0.700). The scatter plot between actual birth weight and estimated birth weight by Hadlock IV shows positive correlation while r value indicates that it is of high correlation (r2 = 0.700).
Correlation between actual birth weight and estimated birth weight for each equation which is described above is graphically represented in figure 7' According to the figure 08 Hadlock IV equation shows both high sensitivity and specificity while the Campbell method shows the lowest specificity and slightly higher sensitivity compared to other Hadlock IV. In figure 8 the area under the curve for each ROC curve was given in Table 5 . According to that Hadlock IV formula has the highest (0.849) area under the curve compared to Campbell formula which has the lowest (0.672) area under the curve. The Hadlock III equation has the second highest value (0.806) for area under the curve. D M A Kumnra, Hemanthn Perera Sensitivity and specificity for detection of a newborn <2.5 kg According to the Shepard equation, sensitivity of detecting low birth weight babies was 50% while its specificity was 100%. According to the Hadlock I equation, sensitivity of detecting low birth weight babies was 62.5oh while its specificity was 93.6oh. Table 9 . Sensitivity and specificity for detection of a newborn <2.5 kg by Hadlock II equation According to the Hadlock III equation, sensitivity of detecting low birth weight babies was 62.5"/o while its specificity was 98.7"/o. Table 11 . Sensitivity and specificity for detection of a newborn <2.5 kg by Hadlock IV equation According to the Shepard equation, sensitivity of detecting large birth weight babies was 90.0% while its specificity was 64.5'h. Table 13 . Sensitivity and specificity for detection of a newborn >3.5 kg by Campbell equation According to the Hadlock I equation, sensitivity of detecting large birth weight babies was 80.0% while its specificity was 89.5%. 
Discussion
Ultrasound scan is a most popular investigation in current obstetric practice in our setup at various purposes. It ranges from very early pregnancy to see the intrauterine gestation, to the term to obtain estimated fetal weight, to see presentation in uncertain situations and assessment of fetal wellbeing.
Serial measurements of estimated fetal weight are superior to single measurement of EFW in prediction of fetal growth restriction3T. Determination of fetal weight by USS is depend on the formulae which are designed to predict fetal weight. These each formulae use one or few fetal biometric measurements for calculation of fetal weight.
We considered the equations of Shepard, Campbell, Hadlock I, II, III and IV because these are the commonly used formulae to estimate fetal weight at our set up and were incorporated in the study.
In the current study a significant high degree of positive correlation between the ABW and the EFW was seen. The formula of Hadlock IV had the highest positive correiation with ABW among six formulae (r =0.836). The formula of Campbell had the lowest positive correlation with ABW (r = 0.787). Most of the previous studies had shown that there was a positive correlation between the ABW and EFW by different formulae. The present study also showed similar results. As example, the study by Nahum G G3 had shown that the Hadlock and Shepard formulae had a positive correlation with ABW in which Hadlock formula had a better correlation with ABW than Shepard.
A study done in Singapore showed that Even though the Hadlock formula was originally derived from an American population, it was equally useful in south-east Asian population. Sri Lankans are being the South Asians this study also shows the similar findings28.
V\rhen sensitivity for detection of fetuses less than 2.5 kg out of whole population for each formula was compared the Hadlock IV has the highest sensitivity which is 75% while Campbell formula has the lowest sensitivity. All the formulae have the high specificity which ranges from 93.6o/o to 100%. According to the results the Hadlock fV formula is the best formula to predict babies less than 2.5 kg.
However in a study done by Siemer J and his team in Germany showed that Hadlock II and III formulae best to predict EFW in fetuses less than 2.5 kg 38 by evaluating the best formula for small birth weight category26.
VVhen compared in the birth weight category of more than 3.5 kg the Shepard has the highest sensitivity which is 90% and the Hadlock IV has the lowest sensitivity for detection of a large baby. The specificity is highest (97.4%) in Hadlock IV while the Shepard has the lowest (64%) specificity. Even though the Hadlock IV is the best formula identified in our study to predict babies less than 2.5 kg out of whole population, it is not best for prediction of a baby larger than 3.5 kg (Hadlock IV sensitivity 40%) compared to Hadlock I (sensitivity 80% and specificity 89.5%) which is the best formula to predict a baby more than 3.5 kg.
ROC curve for each formula shows Hadlock IV is the best formula for fetal weight prediction out of 6 formulae in this study because Hadlock IV formula shows the matmum area under the curve. A Campbell formula was the least accurate out of the 6 formulae. Therefore the Hadlock IV formula is the best formula for fetal weight estimation in our study.
The Hadlock IV formula uses 4 biometric measurements (BPD, HC, AC, and FL) for estimation of fetal weight while Campbell uses only AC for its calculation. Number of fetal biometric measurements appears to the accuracy.
However. when other sonographic fetal measurements, for example humeral soft tissue thickness, ratio of subcutaneous tissue to FL and cheek-to-cheek diameter are used to estimate fetal weight, these nonstandard measurements do not significantly improve the ability of obstetric sonography to help predict birth weightz. while in another study, three-dimensional (3D) volumetric measurements of the fetal thigh, upper arm and abdomen were performed together with conventional twodimensional (2D) biometry and concluded that 3D sonography allows superior fetal weight estimation by including soft tissue volumer.
This descriptive cross-sectional study demonstrated that fetal weight could be estimated accurately and reliably by USS examination, especially at term, using any of the six formulae while the Hadlock IV formula remains as the most accurate formula for estimation of fetal weight.
One of the main limitations of this Study was that it carried out in an obstetric unit in a tertiary care centre which may not represent a typical Sri Lankan population. A multicentre study involving several districts in Sri Lanka may represent a more homogenous Sri Lankan population.
Conclusion
It could be concluded that while all formulae have adequate accuracy for estimating feial weight in the pop.tlutiott tested, Hadlock IV has the best accuracy'
